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The circadian clock is a basic component of biological systems and has been found in 
many organisms. It is composed by three major components: the input pathway, the 
oscillator and the output pathway. The purpose of this research is to study the output 
pathway of the circadian clock in Chlamydomonas reinhardtii strain Carnil by screening 
mutants, which were generated by insertional mutagenesis via glass bead transformation. 
The plasmid pSP124S containing the ble marker was used to introduce mutations. The 
CABII-1 gene has been reported to show a circadian rhythm in expression. The reporter 
gene ARS2 that was transcriptionally fused to the promoter of the CABII-1 gene was then 
analyzed. The screening process was optimized to be less time-consuming. Eighteen 
mutants with significantly low ARS2 accumulated expressions were found from 1004 
transformants, which implies that there may be an activator involved in the circadian 
phenotype of CABII-1. 
viii 
CHAPTER I 
INTRODUCTION 
Many important cellular and physiological processes were reported to have rhythmic 
peak activity occurring approximately once every 24 h. These rhythms are termed 
circadian and have been found in cyanobacteria, fungi, plants, invertebrates, vertebrates, 
and humans (Sweeney, 1983; Grobbelaar et al., 1986; Pennisi, 1997). Circadian rhythms 
are defined by three important characteristics (Johnson and Hastings, 1986; Dunlap, 
1990). Firstly, the rhythm persists under constant environmental conditions such as 
r S "f" mperature with a period of about 24 h. Usually the period is 
h. Secondly, the period of the rhythm is temperature 
2nt constant temperatures within the physiological range, the 
nains close to 24 h. Thirdly, the rhythm can be entrained by 
T W V c l Qflicl iQSf 
environmental cycles of light and temp 24 h. 
Circadian rhythms demonstrate to measure time 
endogenously. This internal time-kee} idian clock. It allows 
organisms to predict and prepare in ... il changes associated 
with day and night, resulting in the temporal synchronization of the organism to the 
external environment. An example for a cellular process that shows a circadian rhythm is 
the cell division cycle in several unicellular and multicellular organisms (Bruce, 1972; 
1 
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Sweeney and Borgese, 1989; Smaaland et al., 1995). Other examples include leaf 
movement in some plants (Kay, 1993) and the diurnal and nocturnal species in animals 
(Turek, 1998). 
Studies during the last 20 years indicate that the circadian timing system is composed 
of three major components (Fig.l): 1) the oscillator, which is responsible for the 
generation of the rhythm; 2) the input pathway, which entrains the oscillator to the 
outside signals; 3) the output pathway, which transfers the efferent signals from the 
oscillator to those rhythmic biological processes that we can measure (Takahashi, 1993). 
However, the molecular basis of the circadian timing system is still not fully elucidated. 
So far the molecular basis of the oscillator is best studied in Neurospora and 
Drosophila. In these two organisms, different mutations within the same locus were 
found to change the circadian rhythm to either a shorter or longer period or to abolish the 
rhythm altogether (Hall, 1995; Hardin and Siwicki, 1995; Dunlap, 1996). Two such 
mutation-defined loci were reported in Drosophila, called period (per) and timeless (tim), 
and one in Neurospora, called frequency (frq). The amount of mRNA and protein product 
of the above genes shows a cycle of approximately 24 h. Interestingly, both PER and 
FRQ can inhibit their own expression and these auto-regulatory negative feedback loops 
create their rhythmic expression patterns. In Drosophila, TIM and PER form 
heterodimers, which are then transported into the nucleus (Saez and Young, 1996; 
Darlington et al., 1998). The putative function of TIM is to stabilize PER-TIM 
heterodimers and regulate the nuclear import of PER (Sehgal et al., 1995; Luo et al., 
1998). 
Input pathway —• Oscillator —• Output pathway 
Figure 1. The model of circadian organization in plant cells. Although the biochemical basis for the regulation of 
circadian rhythms observed in living organisms is not fully understood, many researchers are investigating the possibility 
that a single endogenous oscillator within each cell can control a multiplicity of observed rhythms, as in this model. 
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Another interesting aspect in the study of the circadian timing system is the output 
pathway. If a circadian output rhythm can clearly be demonstrated, molecular methods 
may be employed to analyze its upstream signal transduction chain. Many genes with 
rhythmic expression patterns have been reported. For example, in the alga Gonyaulax 
polyedra, a dinoflagellate, the levels of luciferase and luciferin binding protein show 
rhythmic expression patterns regulated at the post-transcriptional level (Morse et al., 
1989). However, in most cases of rhythmic gene expression, the regulation was found at 
the transcriptional level. Examples are found in the genes encoding albumin and 
cholesterol 7a hydroxylase in rat liver cells. The genes are transcriptionally regulated by 
the three transcription factors DBP, HLF and TEF (Falvey et al., 1995). The genes 
encoding these factors are subject to circadian expression themselves. But the 
mammalian system is very complex since the central circadian oscillator is located in the 
suprachiasmatic nucleus of the brain, indicating the involvement of intercellular 
communications. Also, it has now been reported that the mammalian clock is organized 
as a hierarchy of oscillators (Lopez-Molina et al., 1997). Individual "slave" oscillators, 
each of which is coupled to a "master" clock, directly control overt rhythms. 
Until now there are no reports on the study of the output pathway of the circadian 
clock by mutant analysis. A good model organism for such a genetic study is 
Chlamydomonas reinhardtii. This unicellular, eukaryotic green alga swims with two 
flagella and contains a single chloroplast for photosynthesis. Extensive research has been 
done in Chlamydomonas reinhardtii to elucidate various aspects of photosynthesis, 
phototaxis, flagella assembly, cell wall biogenesis, gametogenesis, cell cycle events, 
mating processes, and nuclear-chloroplast interactions (Rochaix, 1995). There are many 
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advantages in using Chlamydomonas reinhardtii as an eukaryotic research model 
(Rochaix et al., 1998) as shown in the following list: 
1) It is a unicellular eukaryote, and thus does not include multi-cellular 
interaction. 
2) It has a relatively small genome of about 50 MB. 
3) It is haploid during vegetative growth, and thus even recessive mutations will 
show up. 
4) Genetic techniques including tetrad analysis are routine in this organism. 
5) It can grow rapidly in inexpensive cultures or on plates. 
6) It can grow either photoautotrophically or heterotrophically allowing 
photosynthesis mutants to grow. 
7) Transformation methods are routinely performed which can introduce 
exogenous DNA into the nucleus, the chloroplast or the mitochondrion 
(Kindle et al., 1989, 1990; Schnell and Lefebvre, 1993; Rochaix et al., 1998). 
8) Reporter genes have been developed for Chlamydomonas reinhardtii and have 
been used to analyze the regulation of several promoters (Jacobshagen et al., 
1996; Davies et al., 1992; Davies and Grossman, 1994). 
9) A wide range of mutant stocks and DNA clones are available from the 
Chlamydomonas Genetics Center at Duke University, including mutants with 
aberrant circadian periods (Bruce, 1972). 
The goal of this project is to study the output pathway of the biological clock via 
mutant analysis. It was made possible by the nuclear genes CABI-1 and CABII-1 in 
Chlamydomonas reinhardtii that show circadian expression with the regulation mainly at 
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the transcriptional level (Hwang et al., 1994; Jacobshagen et al., 1996). The genes code 
for a chlorophyll a,b-binding protein of photosystem I and II, respectively. The CABII-1 
gene is expressed with a high-amplitude circadian rhythm both in mixotrophic and in 
photoautotrophic cultures (Jacobshagen and Johnson, 1994; Nikaido et al., 1994). Earlier 
reports had already shown a direct light regulation of the CABII-1 gene (Johnson et al., 
1992). This light-regulated expression can be conferred by a 2.5 kb region upstream of 
the CABII-1 gene (Blankenship and Kindle, 1992). Moreover, a 4 kb region upstream of 
the CABII-1 gene was enough to confer rhythmic expression to a reporter gene with 
characteristics very similar to those of CABII-1 (Jacobshagen et al., 1996). A 
transformant, called Carnil, has also become available, which contains the reporter gene 
ARS2 transcriptionally fused to the CABII-1 promoter (Jacobshagen et al., 1996). 
ARS2 codes for the protein arylsulfatase, which is excreted from the cell allowing for 
its enzymatic activity to be measured in the medium. ARS2 is a Chlamydomonas-own 
gene that was developed as a reporter gene (Davies et al., 1992) because the usual 
heterologous reporter genes were not expressed in Chlamydomonas (Blankenship and 
Kindle, 1992). ARS2 plays a role in the acquisition of sulfur under limiting conditions 
because the enzyme arylsulfatase cleaves sulfate groups from aromatic compounds. This 
function explains why the endogenous ARS2 gene is not expressed under sulfur-sufficient 
conditions, not even at the mRNA level (Davis et al., 1994; de Hostos et al., 1989). 
However, arylsulfatase is very stable, greatly limiting the time resolution of the ARS2 
reporter. ARS2 at the level of enzymatic activity cannot be used as a reporter for 
circadian changes but only for accumulative changes over several days. The measurement 
of the accumulated arylsulfatase activity in the transformant Carnil is reflective of the 
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accumulated transcriptional activity at the CABII-1 promoter. Therefore, the ARS2 
reporter makes it easier to screen for mutations that lead to significant differences in the 
accumulative transcription of CABII-1. Some of these mutations could easily be due to 
defective circadian regulation of CABII-1 transcription. 
In order to introduce mutations into the genome of Chlamydomonas reinhardtii, the 
method of insertional mutagenesis was chosen (Feldmann et al., 1989; Gumpel and 
Purton, 1994; Gumpel et al., 1994; Singh et al., 1991). In this method, foreign DNA is 
randomly integrated into the genome. The integration may affect a functional gene 
(Rochaix et al., 1998). Insertional mutagenesis has been used successfully in 
Chlamydomonas previously (Tam and Lefebvre, 1993, 1995). The advantage of this 
approach is that the mutated gene will be tagged by the inserted marker DNA and can 
easily be identified. The gene tagging efficiency is usually very high. For 
Chlamydomonas reinhardtii, the tagging efficiency was reported greater than 75% (Tam 
and Lefebvre, 1993). The main disadvantage is that in nearly all cases, the insertion will 
totally abolish the function of the affected gene. Softer mutations such as a partial defect 
due to amino acid exchanges are not expected. 
The number of marker genes available for Chlamydomonas as insertional mutagens is 
very limited because the expression of foreign genes proved to be problematic in this 
organism (Blankenship and Kindle, 1992). Many attempts did not result in a successful 
demonstration of expression of the foreign gene, although stable integration was certified. 
The reason may be the mismatch of codon usage in the foreign gene to that in 
Chlamydomonas reinhardtii (Rochaix, 1987) and the lack of introns or other noncoding 
elements important for gene expression (Stevens and Purton, 1994). Recently, the first 
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unambiguous demonstration of the stable expression of a foreign gene, ble, in the 
nuclear genome of Chlamydomonas reinhardtii was reported (Stevens et al., 1996). This 
gene confers resistance to the phleomycin family of antibiotics. Transformants containing 
the ble gene can easily be selected on the basis of their ability to grow on antibiotic-
containing plates. The ble marker was chosen as the mutagen for this project. 
Rhythmic expression of CABII-1 and therefore also of ARS2 in the strain Carnil may 
be due to a rhythmically active activator or repressor. As shown in Fig. 2, insertional 
mutagenesis with the ble marker could abolish the function of this rhythmically active 
transcription factor or block the signal transduction chain at an earlier step. A non-
functional rhythmic activator should lead to a phenotype of significantly reduced ARS2 
transcription over time and therefore also of reduced arylsulfatase activity. A non-
functional rhythmic repressor should lead to a respective increased arylsulfatase 
enzymatic activity over time. However, aberrant arylsulfatase activities could also be due 
to other kinds of mutations, affecting either ARS2 only or both, ARS2 and CABII-1. 
Mutants selected for their aberrant arylsulfatase activity would have to be further 
characterized to unambiguously identify them with defective circadian regulation. 
After successfully optimizing the mutant screening procedure, 1004 transformants 
containing the ble marker were analyzed. In 18 of these transformants a significantly 
reduced arylsulfatase activity was found when grown in liquid mixotrophic culture under 
constant conditions. The reductions were in the range of 30 to 90% as compared to non-
transformed cells. Not a single transformant was found with significantly increased 
arylsulfatase activity. 
CTn 
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Figure 2. Study of the output pathway of the biological clock in Chlamydomonas reinhardtii via insertional 
mutagenesis. The plasmid containing the ble marker is used as a mutagen to introduce mutations in the output 
pathway of the biological clock in Chlamydomonas reinhardtii. Thus, the function of the intermediate regulatory 
gene(s) between the oscillator and the circadian regulated CABII-1 promoter could be blocked. Because the 
reporter gene ARS2 is transcriptionally fused to the promoter of CABII-1 (Jacobshagen et al. 1996), by analyzing 
the expression of the reporter gene ARS2 on its enzymatic activity level, mutantts can be identified. 
CHAPTER II 
MATERIALS AND METHODS 
Chlamydomonas strains, growth conditions and plasmid 
Chlamydomonas reinhardtii strain Carnil is derived from strain CC125 but contains 
an extra ARS2 gene transcriptionally fused to the promoter of the CABII-1 gene 
(Jacobshagen et al. 1996). It is now available at the Chlamydomonas Genetics Center at 
Duke University under the strain number CC3671. 
Carnil was mixotrophically grown in SGII medium (Sager and Granick 1953) either 
on 1.5 % agar plates at room temperature with constant light of 17 i^E/nrs from above or 
as liquid cultures in Erlenmeyer flasks on an orbital shaker (Innova 2100 Platform 
Shaker, New Brunswick Scientific, Edison, NJ) at 250 rpm at room temperature with 
constant light of 50 )j.E/m"s from above. 
The two Chlamydomonas reinhardtii strains CC620 and CC621 were obtained from 
the Chlamydomonas Genetics Center and used in the preparation of the cell wall-
digesting enzyme autolysin. For this procedure, high-salt medium (HSM) (Sueoka 1960) 
was prepared as well as high-salt medium without nitrogen (HSM-N), similar to HSM 
except omitted N H 4 C I (Harris 1989). One liter cultures were inoculated from pre-cultures 
in 0.3 HSM (Sueoka 1960) and were grown in 1 L bottles aerated by an aquarium pump 
10 
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in an incubator with variable temperature setting and a light intensity of 180 |aE/m"s 
(90 |aE/m2s from each side). 
The plasmid pSP124S containing the ble marker was a gift by Dr. Saul Purton 
(University College London, UK) and used as a mutagen in the insertional mutagenesis 
of Chlamydomonas reinhardtii. The plasmid pSP124S represents a slightly derived 
version of plasmid pSP124 (Lumbreras et al., 1998). In addition to the coding region of 
the ble gene, pSP124 and pSP124S both contain the 5' and 3' untranslated regions 
(UTRs) of the Chlamydomonas reinhardtii RBCS2 gene (encoding the small subunit of 
Rubisco) fused to the 5' and 3' ends of the ble gene, respectively. In addition, they 
contain intron 1 of RBCS2 twice in the ble coding region. The unique HindlU site, which 
lies upstream from the RBCS2 5'UTR in pSP124, is located just downstream of the 
RBCS2 3'UTR in pSP124S. The site was used to linearize the plasmid. 
Determination of cell density 
Chlamydomonas reinhardtii cell density was determined by counting the number of 
cells with a hemacytometer after treating the cell sample with a drop of iodine tincture 
(0.25 g iodine in 100 ml of 95% ethanol) to immobilize the cells (Harris, 1989). For 
cultures with densities up to about 1-2 x 106 cells/ml, several areas each equal to 0.1 |_il 
were counted with the hemacytometer. For cultures of greater densities, areas equal to 
0.02 (j.1 were counted instead. Alternatively, the cell density of Chlamydomonas 
reinhardtii cultures was spectrophotometrically determined by measuring its optical 
density at 750 nm. The experiment was performed two times, each measuring three 
cultures. 
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Plasmid isolation and purification 
The isolation of pSP124S was first carried out by using the standard method of 
alkaline lysis for the preparation of crude lysates (Sambrook et al., 1989). E. coli strain 
JM109 DE3 containing pSP124S was grown with shaking at 37°C overnight. The pellet 
from 200 ml of cell culture was first lysed with 20 ml of cold solution I (50 mM glucose, 
10 mM EDTA, 25 mM Tris-HCl, pH 8.0, with 4 mg/ml of lysozyme freshly added). Then 
40 ml of freshly prepared solution II (0.2 N NaOH, 1% SDS) was added at room 
temperature. The lysate was neutralized by adding 30 ml ice cold solution III (5 M 
KOAc, pH 4.8). The mixture was finally centrifuged at 10,000 rpm for 10 minutes at 4°C 
in a GSA rotor of a cold-centrifuge (RC2-B, Sorvall Inc., Norwalk, CT) and the 
supernatant was collected through a double layer of cheesecloth. In order to purify the 
plasmid solution further, proteinase K and RNase One were added sequentially to remove 
protein and RNA, respectively (Sambrook et al., 1989). Each treatment was followed by 
phenol extraction, ethanol precipitation, and resuspension of the dried pellet in TE buffer 
(10 mM Tris-HCl, 1 mM EDTA, pH 8.0). 
The purity and concentration of pSP124S was determined both by measuring the 
optical density at 260 and 280 nm, and by electrophoresis on a 1% agarose gel in lx TAE 
buffer (40 mM Tris, 20 mM NaOAc, 2 mM Na2EDTA, pH 8.3). Before using pSP124S in 
the transformation of Chlamydomonas reinhardtii, the plasmid was linearized with 
restriction enzyme, followed by phenol extraction and ethanol precipitation. 
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Determination of optimal Zeocin concentration 
Zeocin is a patent-protected formulation of the antibiotic phleomycin Dl . An optimal 
Zeocin concentration is high enough to ensure the death of all nonresistant 
Chlamydomonas cells. In order to prepare agar plates containing various amounts of 
Zeocin, aliquots of 50 ml SGII medium were poured into 125 ml Erlenmeyer flasks, 0.75 
g Bacto Agar added to each flask and the mixtures autoclaved. After cooling to 50°C in a 
waterbath, Zeocin from a 100 mg/ml stock solution (Invitrogen, Carlsbad, CA) was 
added at concentrations indicated later, and the solutions were poured into sterile petri 
dishes. After the plates were solidified, 3xl07 Carnil cells were spread on each plate and 
incubated in the light. Colonies showed up after 7 to 10 days. The experiment was 
repeated once. In each experiment, one plate was inoculated for each Zeocin 
concentration tested. 
Preparation of autolysin 
Autolysin was prepared according to Harris (1988). Chlamydomonas reinhardtii cells 
of both mating types (strains CC620 and CC621) were inoculated into separate 1 liter 
HSM media to a final concentration of lxl0 4 cells/ml. The cultures were grown in the 
incubator at 22°C under a 12 h light/ 12 h dark cycle. When the densities had reached late 
log phase (up to 2xl06 cells/ml), cells were collected by centrifugation at 2,500xg and 
15°C for 10 minutes. Cells were washed once with 100 ml HSM-N, centrifuged again 
under the same conditions, and resuspended in 1 liter HSM-N. Incubation overnight with 
constant light in the incubator allowed gametogenesis to occur. The next morning, a 
culture volume of each strain, representing 2xl09 cells, was centrifuged at 3,000xg and 
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15°C for 10 minutes. The cell pellet of each strain was resuspended in 12.5 ml HSM-N 
and the solutions combined in a sterile 250 ml Erlenmeyer flask. After mating was 
allowed to occur for 1 hour under light without shaking, cells were harvested by 
centrifugation for 5 min at 3,000xg. The pellet was discarded and the supernatant 
containing the autolysin was spun again for 10 min at 18,000xg to remove residual cell 
debris. Finally, the supernatant was filtered through a sterile syringe filter with a 0.2 |u.m 
pore size, and 1 ml aliquots were stored at -20°C. 
To test the activity of the autolysin preparation, 0.5 ml cell samples were taken from a 
stock culture and pipetted into 1.5 ml microcentrifuge tubes. The samples were 
microcentrifuged (Marathon 16KM, Fisher Scientific, Pittsburgh, PA) at the highest 
speed for 5 min and the supernatant was discarded. The cell pellet was resuspended either 
in 100 |il autolysin preparation or in 100 |Ltl HSM-N without autolysin and incubated for 
75 min in the light. To each sample, 1 ml of ice-cold lysis solution (0.075% triton X-100, 
5mM EDTA, pH 8.0) was added. The contents of the tubes were thoroughly mixed by 
vortexing for 5-10 sec and centrifuged for 30 sec at highest speed. The supernatant was 
collected and its optical density measured at 435 nm, the wavelength for maximum 
absorption by photosynthetic pigments found in the supernatant if Triton X-100 has lysed 
the cells. Lysis mainly occurs in cells without a proper cell wall. 
Transformation of Chlamydomonas reinhardtii with glass beads 
Carnil was transformed by the glass bead method for nuclear transformation of 
Chlamydomonas reinhardtii developed by Kindle (Kindle et al., 1989; Kindle, 1990, 
1998). Carnil cells were grown in 1 L SGII medium in a 2.8 L Fernbach flask in the 
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shaker to a density of l-2xl06 cells/ml. Cells were pelleted by centrifugation in a GSA 
rotor at 5,000 rpm for 5 min. Cells were then treated with autolysin at room temperature 
for 45 minutes in approximately 1/25 the original volume, centrifuged again and 
resuspended in SGII medium to a final concentration of 2xl08 cells/ml. This cell wall-
deficient cell mixture was used within 30 minutes to avoid resynthesis of the cell wall. 
In a 15 ml Corning tube, 300 p.1 cell solution containing 6 xlO7 cells was mixed with 
300 mg acid-washed glass beads (0.45-0.52 mm diameter, Thomas Scientific, 
Swedesboro, NJ), various amounts of linearized pSP124S DNA, and 100 ju,l 20% 
polyethylene glycol (PEG) under sterile conditions. PEG is toxic to the cells (Nelson and 
Lefebvre, 1995). It was therefore added last, and the mixture was not left undiluted 
longer than necessary. The cell solution was vortexed for 15 seconds at the top speed in a 
Fisher Vortex Genie 2 mixer (Fisher Scientific, Pittsburgh, PA). Cells were diluted with 
10 ml SGII medium and incubated for 18 h at 25°C and constant light of 45 |^E/m2s on a 
slow rotating wheel. This treatment allows the antibiotic resistance gene to be expressed. 
Approximately 6xl07 cells were pelleted and spread on a SGII plate containing 15 ng/ml 
Zeocin. The plates were incubated in constant light; colonies appeared after about 10 
days. 
Two independent experiments were performed to determine the optimal amount of 
pSP124S for transformation. During the first one, the plasmid concentration was between 
10"3 jag to 5 |ag. Overnight recovery occurred in racks without mixing, and the number of 
cells plated (3xl06) was only 1/20 of the total number of cells per transformation. In each 
experiment, three replica transformations were performed for each specific plasmid 
concentration. 
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Transformants for the mutant screening were originated from an independent 
transformation experiment that was performed to produce the large number of 
transformants necessary. This procedure involved a series of transformations, all using 1 
Hg pSP124S. 
Arylsulfatase Enzyme Assay 
In order to measure the arylsulfatase activity excreted by Chlamydomonas reinhardtii, 
a 1 ml sample was collected from the cell culture and microcentrifuged at the highest 
speed for 5 min to remove cells. The supernatant was used in an arylsulfatase enzyme 
assay according to Lien and Schreiner (1975) with slight modifications: to 233 jul of 
supernatant 66.7 of 0.5 M Na2C03, pH 10.0, and 33.3 of 50 mM p-
nitrophenylsulfate were added. The solution was mixed and incubated at 30°C for 30 
min. The reaction was stopped by the addition of 667 p.1 0.5 N NaOH and the amount of 
p-nitrophenol determined by measuring the optical density at 410 nm. 
One unit of arylsulfatase catalytic activity was defined as the amount of enzyme that 
resulted in a change in OD410 of 1.0 under the specified conditions and with the sample 
volume described for the assay. 
Mutant screening 
To achieve uniform cell densities among same-age cultures but also to make optimal 
use of limited shaker space, liquid cultures were not inoculated directly from colonies. 
Rather, a pre-culture was grown for each transformant to be screened. A colony that 
formed after transformation was inoculated into approximately 3 ml SGII medium in a 10 
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ml test tube with a sterile toothpick. The pre-cultures were grown in racks in constant 
dim light of about 16 fj.E/m2s at room temperature with manual shaking several times 
every day. These pre-cultures were allowed to grow to late or very late log phase (about 
2-5x106 cells/ml) which took about ten days. Cell densities were first determined by 
counting the number of cells, but later the procedure was simplified to judging the 
densities by eye on the basis of the degree of the color of the culture. 
An aliquot of 100 (j.1 was taken from the pre-culture to inoculate a 125 ml 
experimental Erlenmeyer flask containing 50 ml SGII medium. The resulting cell 
concentration was therefore expected to be in the range of 4x10 to lx 104 cells/ml. The 
experimental culture was grown on a shaker as described before. Because of the pre-
cultures, almost all experimental cultures reached the stationary phase (about 1 x 107 
cells/ml or 1.15 O D 7 5 0 ) at around the same time. This uniformity made it possible to 
measure each culture at only a single time point during its growth, i.e., when the culture 
just reached the stationary phase. The appropriate time point was judged on the basis of 
time that had elapsed since inoculation and the green color of the cultures. The growth 
phase of the culture was confirmed by determining its optical density at 750 nm. A 
sample was also taken at this time to measure the amount of arylsulfatase activity that 
had accumulated in the medium. The amount was compared to the activity accumulated 
in a non-transformed Carnil culture of the same OD750 as determined from the standard 
curve in Fig. 6. 
Extensive simplifications of the screening procedure made it possible to test 1000 
transformants within a reasonable amount of time. All transformants, including those that 
showed aberrant arylsulfatase activity levels, were tested only once. 
CHAPTER III 
RESULTS 
Plasmid isolation and purification 
The mutagen used to introduce insertional mutagenesis is the plasmid pSP124S, which 
was isolated and purified from E. coli. The total yield of the purified pSP124S as 
calculated from its optical density at 260 nm was 1.878 mg in 1 ml. The ratio of 
OD260/OD280 was 1.814. This high ratio suggests little to no protein contamination. 
In order to increase the efficiency of transformation, 180 jag of the isolated pSP124S 
was linearized by digestion with the restriction enzyme Hindlll. After extraction of the 
plasmid to remove the enzyme, spectrophotometric tests revealed an OD260 of 2.416 and 
a ratio of OD260/OD280 of 1.817, indicating that the digested pSP124S was very pure. The 
OD26o value of the total yield of digested pSP124S was 120.80 jag or 67%. 
The linearized pSP124S was also evaluated by electrophoresis on a 1% agarose gel as 
shown in Fig 3. On the gel, a single band about 4.2 kb can be identified. The size 
corresponds well with the reported size for plasmid pSP124S, which is 4.18 kb. The gel 
indicates no RNA contamination, no genomic DNA contamination and no undigested 
plasmid. The isolated and linearized pSP124S was used in the transformation of 
Chlamydomonas reinhardtii strain Carnil. 
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Lane 1 Lane 2 Lane 3 
Figure 3. Enzymatic digestion analysis of purified pSP124S. pSP124S was digested 
with Hind\\\ and electrophoresed on a 1% agarose gel. Lane 1 contains 2 |al pSP124S, 
lane 2 contains 0.2 |ul pSP124S, and lane 3 contains 1 jag ///Will-digested lambda DNA 
as the size marker. 
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Determina t ion of optimal antibiotic concentrat ion 
Only those Carnil cells that integrate and express the ble marker pSP124S should be 
able to grow on agar plates containing the antibiotic Zeocin. Zeocin functions by 
breaking down DNA; the BLE protein prevents this by binding to Zeocin. Amounts of 
Zeocin that are too low will not kill all nonresistant cells. Amounts of Zeocin that are too 
high will cause even the transformed cells to die since not enough BLE is produced to 
bind sufficient Zeocin molecules. 
In order to determine the optimal Zeocin concentration, agar plates were made 
containing a series of different amounts of Zeocin (0, 1,5 10, 15, 20, and 50 jag/ml). The 
plates were inoculated with a constant number of nonresistant Carnil cells and the 
number of colonies determined. Results are shown in Table 1. A concentration of 15 
Hg/ml Zeocin was found to be the lowest concentration at which colony formation was 
completely abolished. Consequently, this concentration was chosen for the 
transformation experiments. 
Preparation of autolysin 
The cell wall-digesting enzyme autolysin is required for transformation of 
Chlamydomonas reinhardtii. After the autolysin had been prepared according to the 
method previously described, its activity was examined. The amount of optical density at 
435 nm indicated the sensitivity of cells to lysis. As shown in Fig. 4, the addition of 
autolysin preparation caused an increase in optical density from 0.045 (without autolysin) 
Table 1. Number of non-resistant Chlamydomonas colonies that formed on plates 
containing different amounts of the antibiotic Zeocin. Carnil cells in logarithmic 
growth phase were collected. After spreading 3 x 107 cells onto each plate, the plates 
were incubated in dim light at room temperature. Colonies showed up after 7 days. 
Zeocin 
(Hg/ml) 0 1 5 10 15 20 50 
Colonies 
Per plate >1,000 >1,000 500 27 0 0 0 
0.5 
0.4 
m 0.3 
CO 
8 0.2 
0.1 
0 
Figure 4. Test of autolysin activity. Cells were incubated in the presence or absence of 
the autolysin preparation. The resulting sensitivity to cell lysis by detergent was 
determined via the OD at 435 nm of the supernatant after cell removal. The OD indicates 
the amount of photosynthetic pigments released. 
with autolysin without autolysin 
to 0.421 (with autolysin). These results demonstrate that the prepared autolysin solution 
shows a high activity to digest cell walls. 
Optimization of the mutant screening procedure 
To avoid the tedious work of counting Carnil cells, the correlation between the cell 
concentration and its optical density at 750 nm was determined. At this wavelength, 
chlorophyll absorbance does not interfere with cell density absorbance (Sager and 
Granick, 1953). It is important to avoid chlorophyll absorbance interference as mutants in 
chlorophyll metabolism may occur that would result in flawed cell density measurements. 
During 11 continuous days three Carnil cell cultures were measured by counting the cell 
concentration and measuring the OD750. Results are shown in Fig 5. The changes in 
optical density measured at 750 nm closely resemble the changes in cell concentration. 
So O D 7 5 0 serves to determine cell densities and growth phases. This finding made the 
process of mutant screening less time consuming. 
For a successful mutant screen, the expression pattern of the ARS2 reporter gene in 
original, untransformed Carnil cells must be known. Comparing transformed with 
untransformed Carnil allows mutants with significant aberrations in ARS2 expression to 
be identified. For this purpose, Carnil cells were inoculated into 50 ml SGII medium. 
The cell densities indicated by O D 7 5 0 and the related ARS2 gene expression indicated by 
the amount of accumulated arylsulfatase activity in the medium were measured for 11 
continuous day. As shown in Fig. 6, Carnil expresses ARS2 at a high enough level to 
allow the easy measurement of the enzyme's activity. The activity of arylsulfatase in the 
medium increases with increasing cell concentration during the logarithmic phase but 
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4 6 
days after inoculation 
Figure 5. Determining the correlation between Carnil cell density and OD75o. Cell 
concentration (cells per ml) and OD750 were measured during 11 continuous days. The 
figure represents the mean of measurements taken from three independent cultures grown 
at the same time under identical conditions. There is no lag phase at the beginning after 
inoculation, possibly because cells were inoculated from the stock culture in logarithmic 
phase. 
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Figure 6. Test of ARS2 expression during cell growth in Carnil. OD75o indicates the 
cell density and arylsulfatase activity indicates the amount of ARS2 reporter gene 
expression. Both parameters were measured for 11 continuous days. The measurements 
represent the mean taken from three independent cultures grown at the same time under 
identical conditions. (The axes are not to logarithmic scale.) 
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decreases slowly when the cell concentration reaches the early stationary phase. This 
slow decrease might be due to proteases released from the cells or to the accumulation of 
toxic compounds during cell growth. In Carnil cultures, the highest activity of 
arylsulfatase was usually within the range of 1.80 to 2.15. Usually at the fifth and sixth 
day, the accumulated arylsulfatase activity reached its highest level. This point is the best 
time to make a measurement of arylsulfatase activity, since only at this time was the 
accumulated arylsulfatase activity most obvious to indicate the expression level of the 
ARS2 gene. Taking a measurement on the fifth or sixth day allows relatively accurate 
screening, avoiding the tedious work of measuring arylsulfatase activity every day. Fig. 6 
was used as a standard curve to relate various O D 7 5 0 values of Carnil cultures with their 
expected arylsulfatase activity. Comparing the measured and the expected arylsulfatase 
activity at a specific time makes the process of mutant screening much less time-
consuming. 
Test on the variability of ARS2 expression in untransformed Carnil 
Variable ARS2 expression among different Carnil cells is important. Among other 
reasons, variability may be caused by different degrees of gene silencing in different cells 
or cultures. Gene silencing has been shown for several reporter genes in Chlamydomonas 
(Kindle, 1989, 1998; Cerutti, 1997; Purton and Rochaix, 1995). If there is great 
variability in the expression of ARS2, mutant screening will be impossible. Thus, to be 
sure that ARS2 is a good reporter gene, three single colony isolates that were collected 
more than 4 years ago were inoculated into SGII medium. During 11 continuous days 
their arysulfatase activities and cell densities were measured. The results are shown in 
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Fig. 7 and Fig. 8, respectively. Because the cell density curves were very similar, the 
arylsulfatase activity curves were compared directly. No significant differences were 
observable between the three single isolates or the original Carnil. ANOVA analysis was 
also performed with the software SYSYAY 7.01 and showed no statistically significant 
differences (F=0.0071, P=0.9929; df=2, 27, and Fc-3.36). ARS2 expression is therefore 
very similar in different Carnil cells and ARS2 is a good and reliable reporter for the 
intended mutant screening. 
Optimization of the Transformation Procedure 
To avoid multiple integrations, the minimal amount of plasmid that still gives an 
acceptable number of transformants was determined. Different amounts of linearized 
plasmid pSP124S were used in the transformation of Carnil: 10"6, 10"5, 10"4, 10"3, 10~2, 
0.1, 0.5, 1, and 2 |a.g. The respective transformation efficiencies are shown in Fig 9. Even 
at very low concentrations of pSP124S, the transformation efficiency decreased with 
increased amounts of plasmid. This result is unexpected, but repeatable. Very low 
amounts of plasmid yielded considerably more than the expected transformed colonies. 
(Note in Fig. 9, the logarithmic scale of the transformation efficiency axis). The 
expectation was that the efficiency curve would level off at very low amounts of plasmid. 
Such a plateau would indicate that a tenth of the plasmid amount would lead to a tenth of 
the transformed colonies and therefore make single integrations especially likely. 
In the control trial without glass beads only 31.0 % of the colonies formed compared 
to the trial with glass beads when using 1 jag of plasmid DNA. This evidence confirms 
that glass beads greatly enhance transformation efficiencies. In the control trial without 
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4 6 3 
days after inoculation 
Figure 7. Test of arylsulfatase variability in Carnil single colony isolates. 
Arylsulfatase enzymatic activity excreted into the medium was determined every day for 
11 continuous days in liquid cultures. 
29 
4 6 8 
days after inoculation 
Figure 8. Growth curves of the Carnil single colony isolates. Samples were taken 
from the same cultures at the same time as the samples for the data in Fig. 7. The cell 
density was determined via optical density at 750 nm. 
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Figure 9. Transformation efficiency with different amounts of plasmid DNA. Carnil 
cells were transformed with various amounts of pSP124S. The number of resulting 
colonies was counted and correlated to the number of colonies per fig of pSP124S. The 
results of two independent experiments are shown. Both axes in the figure are plotted 
logarithmically. 
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PEG only 45.5% colonies formed compared to the trial with PEG, confirming that PEG 
is also important for high transformation efficiencies in the glass bead method. 
Most importantly, about 85% of all the transformants tested were able to resume 
growth when transferred to a fresh Zeocin-containing plate, whereas about 15% had lost 
their Zeocin resistance. All transformants tested arose from transformations using 1 fig of 
plasmid DNA. 
Mutant screening 
By analysis of the accumulated arylsulfatase activities under constant conditions, in 
1004 transformants 18 mutants were identified. As shown in Table 2, all 18 mutants 
exhibited significantly lower ARS2 expression. The overall range of accumulated 
arylsulfatase activities in the transformants measured from 9.5% to 141.3%) compared to 
non-transformed Carni. Except for those 18 mutants with significantly lower activities, 
most transformants had activities between 94.2% to 110%. Only 29 transformants 
showed a slightly increased activity in the range of 120%> to 141.3%o. These increases 
were not considered significant. 
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Table 2. Results of mutant screening. The accumulated arylsulfatase enzymatic activity 
in each culture was measured at late logarithmic to early stationary phase. The cell 
density in each culture is represented by OD750. An OD750 of 1.15 would characterize a 
culture completely in stationary phase. The amount of arylsulfatase enzymatic activity is 
expressed as the percentage of activity compared to the activity in non-transformed 
cultures with the same OD750 in Fig.6. 
Mutant % Activity OD750 
1 46.6 0.979 
2 55.7 1.181 
3 45.5 1.185 
4 61.5 0.924 
5 60.7 0.950 
6 64.3 0.927 
7 63.3 0.928 
8 62.6 1.018 
9 70.9 0.937 
10 13.0 1.131 
11 13.0 1.003 
12 24.8 1.038 
13 35.6 0.877 
14 36.3 1.034 
15 57.0 0.700 
16 9.5 0.985 
17 17.3 0.940 
18 24.3 0.895 
CHAPTER IV 
DISCUSSION 
The purpose of this research was to initiate studies of the output pathway of the 
biological clock in Chlamydomonas reinhardtii by mutant analysis. To introduce 
mutations, the method of insertional mutagenesis was chosen. The method requires that 
transformation occurs via random integration at non-homologous sites. In 
Chlamydomonas it has been reported that integration via homologous recombination 
occurs in only 1 to 2% of all integration events (Sodeinde and Kindle, 1993). In this 
study, the Chlamydomonas-own NIT1 marker encoding nitrate reductase was used to 
recover the wild-type phenotype in NIT1 mutants. The frequency of homologous-to-
random integration events was 1:1000 after glass bead-mediated transformation. 
Insertional mutagenesis has been used successfully in Chlamydomonas reinhardtii to 
generate mutants defective in many cellular processes such as photosynthesis (Gumpel et 
al., 1995), motility (Smith and Lefebvre, 1996), phototaxis (Pazour et al., 1995), sulfur 
and nitrate assimilation (Davies et al., 1994) and sensitivity to cadmium or high salt 
(McHugh and Spanier, 1994; Tang et al., 1995; Prieto et al., 1996). The efficiency with 
which mutants were recovered varied greatly in different studies, depending most likely 
on the number of genes involved in a given process, i.e., the target size for mutagenesis 
and the conditions used for selection. The recovery of motility-impaired mutants was 
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exceptionally high in one study (74 in 3000, or 2.5%; Tam and Lefebvre, 1993), 
suggesting that it is very possible that insertion does not occur as randomly as once 
thought. 
The ble marker (Stevens et al., 1996) used as an insertional mutagen carries the ble 
gene from the tallysomycin-producing actinomycetes species Streptoalloteichus 
hindustanus. The ble gene encodes a small protein (13,665 Da) conferring resistance to 
tallysomycin and related antibiotics including bleomycin, phleomycin and zeomycin. 
These above antibiotics can break down DNA, causing cell death. The BLE protein can 
bind these antibiotics with a high affinity and thus prevent DNA degradation. Although 
the DNA is directly affected by antibiotics, there has been no evidence that the ble 
marker leads to an increase in untagged mutations as compared to other insertional 
mutagens (Purton, personal communication). 
Exogenous genes can be introduced into Chlamydomonas by several different 
methods. These include bombardment with DNA-coated microparticles (Kindle et al., 
1989), electroporation (Brown et al., 1991; Shimogawara et al., 1998) or votexing cells in 
the presence of glass beads and polyethylene glycol (Kindle, 1990). The glass bead 
method was chosen since it is the most widely used method for nuclear transformation of 
Chlamydomonas. This method is simple to manipulate and can routinely yield high rates 
of transformation. In this study, the transformant rate was approximately 10"4/cells when 
using 1 jLxg of plasmid DNA. The method will also result in a substantially lower number 
of integrated gene copies than particle bombardment (Kindle, 1990). With this method, 
the foreign DNA is thought to enter the cells through transient holes created in the 
membrane resulting from the abrasive action of the glass beads. The drawback of this 
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method is that it will work only in cell wall-deficient cells. In order to apply this 
method to cells containing cell walls, the cell walls should be transiently removed by 
treatment with purified gamete autolysin (Kindle, 1990). In this study, autolysin was 
successfully prepared enabling the use of the glass bead method for transformation of the 
cell-wall containing strain Carnil. 
Additionally, transformation of Chlamydomonas reinhardtii by electroporation was 
recently developed, achieving even higher transformation efficiency (Shimogawara et al., 
1998). But this method always introduced a relatively high number of integrated gene 
copies. However, using a smaller amount of plasmid than the study indicated could have 
resulted in a single copy or low copies of the integrated gene. 
The parameters in transforming Carnil cells with glass beads must be applied 
relatively stringently. These important factors should be suggested. Firstly, cells begin to 
regenerate their cell walls immediately after the autolysin is removed, so the cells should 
not be pelleted until all other steps for transformation are ready. Carnil cells digested 
with autolysin should be used within half an hour. Secondly, PEG should be added before 
adding the cells, since high concentrations of PEG are toxic to the cells (Nelson and 
Lefebvre 1995). After the cells are added to the solution containing PEG, linearized 
plasmid and glass beads, the solution should be mixed quickly. Then the mixture should 
immediately be diluted with medium. After dilution, the mixture can be left for a 
relatively long time. Thirdly, the incubation of transformed cells with gentle shaking to 
allow the antibiotic resistance gene to be expressed significantly increases the 
transformation efficiency as compared to no shaking. Lastly, the mixture should not be 
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vortexed longer than the recommended 15 seconds during transformation. If vortexed 
for 35 seconds no transformants were recovered. 
The conditions under which PEG stimulates transformation are still controversial. 
Kindle (1990) has previously demonstrated that glass-bead transformation using the NIT1 
marker is dramatically improved by the addition of 5% PEG. But transformation rates 
using ARG7 were found to be unaffected by PEG (Purton and Rochaix, 1995). Results 
reported here show that PEG greatly improves the transformation efficiency for the strain 
Carnil. Only 45.5% of the possible transformants were found if PEG had not been 
added. 
A very unexpected result was obtained in this study when varying the amount of the 
ble marker in the transformation procedure (Fig. 9). Unusually low amounts of plasmid 
gave rise to numbers of transformants nearly as high as with the commonly used plasmid 
amounts: 1 pg of plasmid yielded 360 colonies as compared to 2,542 colonies from the 
usual 1 of plasmid. Kindle (1989) reported about 62 colonies could be obtained if 
transforming Chlamydomonas reinhardtii with 1 jag. One possible explanation for this 
phenomenon is that the conditions for transformation were exceptionally optimized so as 
to lead to an unually high efficiency. On the other hand, the high efficiency may be due 
to the nature of the plasmid. However, Lumbreras et al. reported (1998) that about 350 
transformants were got transformed by 2 |ag ble marker (the same plasmid that was used 
in this study). Other explanations like a high number of non-transformed colonies due to 
amounts of antibiotic that were too low or the emergence of resistant colonies due to 
mutations do not seem likely, because control transformations without the addition of 
plasmid yielded no colonies. But as puzzling as the high transformation efficiency at low 
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plasmid concentration was the very low transformation efficiency at high plasmid 
concentration. One obvious explanation is that the number of integrations per 
transformant increased instead. But the extent of reduced transformation efficiency also 
suggests that the limited number of cells in the population can actually be transformed. 
This idea, together with an exceptionally well optimized transformantion procedure in 
every other respect, might explain the astonishing pattern of transformation efficiencies 
when varying the amount of plasmid. The most important question remains whether 
transformations with the commonly used 1 p.g of plasmid DNA gave rise to high-copy 
integrations since these transformants were the basis for the mutant screening. It will 
therefore be necessary to subject the selected mutants to Southern analysis using the 
plasmid as a probe before any other characterizations are performed. High-copy 
integration greatly reduces the value of a mutant because it requires much effort to 
identify the specific integration that causes the mutant phenotype. 
In this study, the design of the mutant screen for detecting defects in the circadian 
output pathway is not ideal. Recently, mutants in other aspects of the circadian clock 
could be isolated by using luciferase as a reporter (Xu et al., 1999). Luciferase is ideal for 
circadian studies because of its time resolution capabilities. However, Chlamydomonas is 
an organism in which the expression of heterologous genes is very difficult. It is due to 
gene silencing resulting from hypermethylation, the high codon bias with nuclear codons 
containing G and C in the third position, the use of heterologous promoters, inaccurate 
RNA processing or export from the nucleus, mRNA stability, instability of the protein 
products and integration of foreign DNA into nuclear heterochromatin areas. 
Furthermore, a careful study of transformants with the spectinomycin-resistant phenotype 
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demonstrated that the phenotype was unstable when cells were grown under 
nonselective conditions (Cerutti et al., 1997). Gene silencing can occur even after the 
initial selection. Another possible reason for the difficulties in expressing a heterologous 
gene was reported recently by Lumbreras et al. (1998). A Chlamydomonas intron was 
introduced into the coding region of the ble gene and found to dramatically stimulate ble 
expression. This improvement is mediated in part by an enhancer element within the 
intron sequence because the element acts in an orientation-independent manner and is 
effective when placed either upstream or downstream of the promoter. 
As described previously, the mutant screen was limited to detecting accumulative 
changes over several cycles in the transcription from a circadian-regulated promoter due 
to the low time resolution capabilities of the ARS2 reporter gene. However, this kind of 
screening is actually ideal for quickly picking out possible output pathway mutants as 
opposed to mutants in the oscillator or input pathway. Input pathway mutants are not very 
likely to be detected when the analysis is performed under constant conditions. 
Nevertheless, Kay (1993) reported an influence of the input pathway in Arabidoposis 
even under constant conditions. He showed that the input pathway can modulate the 
period of the free-running rhythm. However, a mutant with a longer or shorter period will 
not show a difference in accumulative transcriptional activity over several circadian 
cycles compared to wild-type. Such a mutant would therefore not be detected with the 
performed mutant screening. Similarly, mutations in the oscillator were often reported to 
lead to shorter or longer periods of the circadian rhythm (Gardner and Feldman, 1980; 
Loros et al., 1986) and therefore would not be detected with the screen. The third possible 
phenotype for oscillator mutations is the loss of the rhythm altogether. In the respective 
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Drosophila per mutant, this phenotype led to a more or less intermediate expression of 
the per gene itself (Hardin et al., 1990). In the Neurospora frq mutant, the amount of frq 
expression was on average 2 to 3 times that of the peak activities in the wild-type 
circadian rhythm (Aronson et al., 1994; Feldman et al., 1979). It is therefore possible that 
some of the mutants selected may harbor oscillator mutations rather than the ones 
expected in the output pathway. These kinds of mutations should be identifiable through 
their effect on all other known circadian rhythms in Chlamydomonas (Johnson et al., 
1992). 
A mutation may also affect the expression of ARS2 at some post-transcriptional level. 
In this case, the expression pattern of the CABII-1 gene should be unaffected, which 
could be demonstrated by Northern blot analysis in the future. Only /ram-mutations that 
change the expression of both CABII-1 and ARS2 will be used for future analyses. Cis-
mutations that only change the expression of a single gene will not be considered. 
The number of intermediate regulatory genes that are involved in the circadian output 
pathway in Chlamydomonas reinhardtii is still unknown. The signal transduction chain 
for CABII-1 possibly involves a lengthy cascade. First insights about the length of such a 
chain were recently reported for Arabidopsis (Wang and Tobin, 1998). In this organism 
two related genes, CIRCADIAN CLOCK ASSOCIATED 1 (CCA1) and LATE 
ELONGATED HYPOCOTYL (LHY) could be identified (Strayer and Kay, 1999). Both 
encode MYB-related transcription factors that are 46% identical to one another. Each 
factor is involved in negative feedback regulation of its own expression, suggesting that 
these genes could also be components of a master oscillator. The two transcriptional 
factors can form into a heterodimer and specifically bind to the Lhcb gene. They act as a 
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rhythmical repressor introducing circadian expression of the Lhcb gene (Wang et al., 
1997). The Lhcb-tncoding light-harvesting complex protein of photosystem II is the 
homologous gene of CABII-1 in Arabidopsis. Constitutive expression of CCA1 or LHY 
protein in transgenic plants abolishes the circadian rhythm of the Lhcb (Wang and Tobin, 
1998). Similar genes could be involved in the circadian output pathway that regulates 
CABII-1 in Chlamydomonas reinhardtii. 
Interestingly, all the mutants collected show a low ARS2 expression. If some of them 
can be identified as true circadian regulatory mutants, it suggests a transcriptional 
activator binding to the promoter of CABII-1 and rhythmically activating its expression. 
The activator would be involved in the output pathway of the circadian clock that 
transduces the signal from the oscillator to downstream gene(s) such as CABII-1. Even 
the gene encoding for this activator itself is part of the oscillator (or the slave oscillator), 
and can be expressed with the circadian characteristics. And its expression can directly 
regulate the activity of CABII-1. Then CABII-1 can be expressed rhythmically. 
In future research, the isolated mutants must be characterized in terms of their number 
of integrations by Southern blot analysis and their similarity in the transcription defect for 
the CABII-1 gene by Northern blot analysis. The extent to which the defect also affects 
other circadian rhythms, but not the expression genes, is also an important 
characterization. Additionally, genetic crosses will have to be performed to determine if 
the mutant phenotype is co-inherited with the ble marker. The gene responsible for the 
mutant phenotype should subsequently be isolated. Plasmid rescue approaches could be 
used (Tam and Lefebvre, 1995). After the DNA flanking the insertion site has been 
isolated, it could be used as a probe to demonstrate a restriction fragment length 
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polymorphism (RFLP) between the mutant strain and the wild type. Furthermore, wild 
type genomic clones could then be isolated from a library. If there has been no deletion at 
the insertion site, the wild-type genomic clone should complement the mutant phenotype 
when the whole gene is present in the cloned fragment. If deletions occurred (Asch et al., 
1992), the gene responsible for the mutant phenotype probably lies at some distance from 
the insertion site. Thus, it may be necessary to perform a short chromosome walk to find 
the responsible DNA fragment complementary to the mutant phenotype. After isolating 
the gene, mobility shift assays would reveal whether the encoded protein binds to the 
CABII-1 promoter. By working step by step through the upstream signal transduction 
chain, more and more genes, even the oscillator itself, could be identified. This series of 
studies might finally reveal the mechanism of how the biological clock works in the 
green alga Chlamydomonas reinhardtii. 
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